Abstract The effect of invasive opportunistic predators may include population changes in both native prey and native predators as well as alteration of predator-prey interactions. We analyzed the activity of native magpie Pica pica and changes in population, nest sites and nesting success probability of native waterbirds (namely: grebes, ducks, rails and native gulls) in response to the population growth of the invasive Caspian gull Larus cachinnans. The study was carried out at a reservoir in southern Poland and at a similar control reservoir where the Caspian gull was absent. Both the invasive gulls and the native magpie are opportunistic predators of nests of native waterbirds. The population increase of the invasive gull led to a decline in the population of native black-headed gulls Larus ridibundus only. However, the invasive gull displaced all the native species from the breeding islets located in the central part of the reservoir to islets located close to the shoreline. The latter were frequently visited by magpies, which depredated on nests along the shores, leading to an up to threefold decrease in nesting success as compared with nests located in the central area of the invaded reservoir. Predation by Caspian gulls was rarely observed. Thus, the invasion of Caspian gull caused complex direct and indirect effects on the waterbird community that included competition for breeding sites, changes in the spatial distribution of nests and alteration of predation rate by native predators. Moreover, the effects of invasion may not be reflected by changes in population size of native species.
Introduction
Invasive species can profoundly affect native ecosystems because they interact with native species in many ways and at different spatial and temporal scales (Vitousek et al. 1997; Wilcove et al. 1998; Mooney and Cleland 2001; McGeoch et al. 2010) . Invasive species may change the structure of native habitats (Farrer and Goldberg 2009) , alter interactions between native species (Bompard et al. 2013) or outcompete them (Evans and Toler 2007) . However, the strongest effect on native species may occur when the invasive species are predators (Mooney and Cleland 2001; Finney et al. 2003; Bonnaud et al. 2009 ). In general, even one predatory species may affect the structure of entire species assemblages via consumption of prey from lower trophic levels, thus predation is a top-down force and may have stabilizing effects on ecosystems (Paine 1966; Schmitz 1998 ). Moreover, predators may indirectly affect the spatial distribution of prey species that are reluctant to settle or move in areas with high predation risk (Schmitz et al. 1997; Turner and Montgomery 2003) . Invasive alien predators may elicit similar effects on native species assemblages (Hollebone and Hay 2008) . Moreover, as most invasive alien predators are opportunistic, reach high abundances and lack a long co-evolutionary history with native prey, their impact on native species assemblages is usually much stronger than that of native predators (Finke and Snyder 2010; Hogg and Daane 2011) . Recent metaanalyses indicate that the effect of invasive predators on prey abundance is usually twice as strong as that exerted by native predatory species (Salo et al. 2007; Paolucci et al. 2013) .
Invasive predators interact not only with native prey but also with native predators. Thus, intra-guild interactions in a predator community may emerge and this may have profound effects on both predators and native prey communities (Snyder and Evans 2006; Hogg and Daane 2011) . Invasive predators may displace native predators either directly, via intra-guild predation, or indirectly, through scramble competition (Pope et al. 2008; Cupples et al. 2011; Hogg and Daane 2011) . Therefore, the negative impact of invasive predatory species may spread beyond the native predators to indirectly affect native prey as well (Gregory and Quijón 2011; Hogg and Daane 2011) . However, an understanding of the influence of predatory invaders on native prey in areas of increasing overlap with their native predatory counterparts remains elusive. Theoretically, to coexist, competing species must use resources differently and have differing competitive abilities, which leads to niche partitioning (Hardin 1960; Abrams 1983 Abrams , 2000 . Native predators may utilize different food sources, habitats, or activity times to avoid competition from, and/or predation by the invasive predatory species (Kiesecker and Blaustein 1997; Abrams 2000; Relyea 2003; Forstmeier and Weiss 2004; Morosinotto et al. 2010) .
Among birds, a large number of species suffer from the invasion of alien animals (McGeoch et al. 2010; Rands et al. 2010; Brzeziński et al. 2012 ). However, this negative impact is habitat dependent; oceanic islands, native grassland and forests seem to be the most affected (Wiles et al. 2003; Flanders et al. 2006; Bonnaud et al. 2009; Elliott et al. 2010; Pons et al. 2010; Strubbe et al. 2010) . One habitat that is often invaded by alien species, primarily plants and invertebrates, is inland wetlands (for example: lakes, ponds and river beds). Worldwide, wetlands are an endangered habitat (Rahel and Olden 2008; Keddy et al. 2009; Sutherland et al. 2012) . The human-related destruction of these habitats and rising global temperatures have become the principal contributors to the loss of fifty per cent of all the world's wetlands since 1900 (Finlayson and Davidson 1999) . Similarly, partially as a consequence of habitat loss, the global waterbird population has decreased by 44 % in the few past years alone (Delany et al. 2010) and numerous studies have reported notable declines in waterbirds on a local scale (Crowe et al. 2008; Ma et al. 2009; Sandilyan et al. 2010) . However, very little is known about the part played by invasive species in this decline, with the exception of the well-documented role of predatory alien mammals such as, for instance, the American mink Neovison vison (Nordström et al. 2002; Brzeziński et al. 2012) or the raccoon Procyon lotor (Ellis et al. 2007 ).
One invasive species, which has colonized wetlands in Central Europe, is the Caspian gull Larus cachinnans. The native range of this species extends eastwards from the Black Sea, through the steppe zones, to Eastern Kazakhstan (Malling Olsen and Larsson 2004) . Its population has grown rapidly and expanded both north and west, mainly along large river valleys into the interior of the European continent (Filchagov 1996; Jonsson 1998; Lenda et al. 2010) . The first breeding pairs in Poland were recorded in the Middle Vistula valley in the late 1980s, with inland reservoirs in Southern Poland being colonized a few years later (Faber et al. 2001; Skórka et al. 2005) . The Caspian gull is a large (56-68 cm long, with a 140-150 cm wingspan and a body mass of 700-1,600 g) colonial waterbird (Malling Olsen and Larsson 2004) . Its colonies consist of up to several thousand breeding pairs along the coast or on marine islands and several hundred breeding pairs on inland water reservoirs. During the breeding season, which lasts from the end of March to the beginning of June at inland reservoirs, the colonies are located predominantly on either islets or shores (Skórka et al. 2005; Lenda et al. 2010) . The availability of islets is a factor that limits the local population sizes of many waterbirds (Amat 1985; Skórka et al. 2006; Kajzer et al. 2012) . When the islets are overtaken by invasive species, this may lead to population declines in the native species. The decline may be even stronger given that, like many other large gulls, the Caspian gull is an opportunistic predator that steals waterbirds' eggs and hunts their chicks (Vidal et al. 1998; Bosch et al. 2000; Väänänen 2000; Hernandez-Matias and Ruiz 2003) . This predatory behaviour may thus act in synergy with competition for nesting sites to increase the negative effect of this invasive species.
Following the definition of an invasive species provided by Rahel and Olden (2008) we consider the population explosion and spread of Caspian gull as an invasion (Lenda et al. 2010) . Because the Caspian gull is primarily a seabird that breeds on coastal islands in its native geographical range, it is alien to inland waterbodies. The main reasons underlying this extensive expansion were vast manmade alterations in the environment that facilitated both high reproductive success and their spread into the interior of the continent (Fasola et al. 1993; Jonsson 1998; Skórka et al. 2005; Lenda et al. 2010) . This species utilizes humanrelated food resources in newly colonized areas, mostly fish farms and refuse tips (Lenda et al. 2010) . Moreover, new breeding colonies and their persistence is dependent on these anthropogenic food resources (Lenda et al. 2010) . The Caspian gull has also huge potential impact on native ecosystems because it is a large-bodied predator that hunts fish and other waterbirds. Its population has been growing rapidly and this may also introduce economic costs as this species may cause loss in fish production on fish farms and spread pathogens (Gwiazda 2004; Skórka et al. 2009 ).
However, the Caspian gull is not the sole predator that is capable of exploiting native waterbird populations. At inland reservoirs, there are native opportunistic predators, the best-known are corvids: the magpie Pica pica and the carrion crow Corvus cornix (Montevecchi 1976; Bukaciński and Bukacińska 2000; Zduniak 2006) . They often depredate the eggs and chicks of ducks and gulls. Yet, there are surprisingly few studies of the effect of corvid predation on the breeding success of waterbirds (Ewins 1991; Stien et al. 2010) . Corvids usually operate at the shores and edges of breeding colonies and may take up to twenty per cent of eggs in individual waterbird colonies (Montevecchi 1976 (Montevecchi , 1977 Burger 1984a) . When predating on eggs, corvids usually take eggs away from the nest to consume them in safety because nest owners chase intruders away (Montevecchi 1976 ). Corvids such as magpies are relatively slow fliers; thus they operate mostly on unattended nests located at the edges of waterbird colonies or close to shoreline (Montevecchi 1976) . The red fox Vulpes vulpes is another native predator of European waterbirds, primarily colonial ones. However, its activity is also concentrated on shores and its impact is dramatic only when it occasionally reaches the colonies located on islands (Erwin et al. 2001; Ruiz-Olmo et al. 2003) .
The differing colonization of inland reservoirs by Caspian gull may be regarded as a natural experiment as it creates an exceptional opportunity to study the effects of gull invasion on native species. Using two similar sites, one invaded by Caspian gulls and the other not, we examined how an increasing gull population affects the abundance and behaviour of native predators (namely, magpie), the populations of native waterbirds, the spatial distribution of their nest sites and probability that nests survive to hatching. Then, we inferred the relative impact of invasive and native predators on the structure of native waterbird community. Specifically, we hypothesized that:
(1) The activity of native predators (corvids, foxes) will be concentrated mostly on shores and they will predate on the nests of waterbirds built on islets near the shore both at the invaded and control reservoirs; (2) The increase in Caspian gull population will lead to the decrease in the number of native waterbirds at the invaded reservoir but not at the control one. We expect this decrease derives from two processes: predation and competition for nesting islets. We assume there will be a strong negative impact of this gull on native species as predation success and competitive abilities are directly linked to body size (Lindstrom 1988; Jonart et al. 2007; Oro et al. 2009; Schröder et al. 2009 ) and the Caspian gull is much larger than most of the native waterbirds which are potential prey and competitors; (3) Assuming that the large body size of Caspian gull does correspond with its competitive ability, this species will also displace native waterbirds from safe islets located in the center of the reservoir to suboptimal islets located near the shore (i.e., exposed to the predatory activity of native corvids); (4) The increasing population of Caspian gull will lead to increased nest predation on islets visited by this gulls and consequently lower nesting success of native waterbirds at the invaded reservoir as compared with the control one; (5) Over time, the invasion of the Caspian gull will lead to a decline in the population size of small-bodied native predators, namely corvids, as an effect of scramble competition.
Methods

Study area
The study was carried out between 1996 and 2003 at two water reservoirs near the town of Tarnów, Southern Poland (Fig. 1) . The first covers 20 ha and was colonized by Caspian gull in 1992. The second, with an area of 12 ha, is located 1 km to the south of the first (Fig. 1) . The Caspian gull was not present there, so it served as the control reservoir and is referred to as such throughout this paper. Both reservoirs had a similar rectangular shape, were within 500 m from the Biała and Dunajec rivers and were situated in a suburban agricultural landscape (Fig. 1) . The first had 86 islets, which were nesting sites for waterbirds, while the control reservoir had 40 islets. The size of islets varied from 1 to 50 m 2 , with the exception of one larger islet measuring 1 ha, located at the reservoir invaded by the Caspian gull. Vegetation was scarce on the islets and at the shores, which were predominantly covered in feather reed grass Calamgrostis epigejos and stinging nettle Urtica dioica at both reservoirs.
Monitoring the populations and activity of native predators and activity of invasive Caspian gulls Between 1996 and 2001 at the invaded reservoir and between 1997 and 2003 (excluding 2002) at the control reservoir, we counted all the corvid nests, namely magpie and carrion crow, on the shores of both reservoirs, as well as foxes' dens. The width of the shore varied between 20 and 30 m and was easily delineated by dirt roads around both reservoirs separating them from other habitats. As the visitation rate of predators is correlated with the probability of nest loses (e.g., Kuehl and Clark 2002; Lima 2009 ; see also ''Results'') we estimated the predator visitation frequency on islets. To establish the frequency of visits of magpies and carrion crow on the islets, we conducted observations of corvid visits during each year of the study. The observations were carried out from elevated sites along the shores to ensure visual coverage of every part of the reservoir. We spent between 100 and 150 h (mean ± -SEM = 3.8 ± 0.9 h per observation day; range 2-8 h) noting the visitation numbers each year and recording the islets concerned. Observations usually started between 8 a.m. and 11 a.m. when the foraging activity of corvids is the highest (Stouffer and Caccamise 1991) and the duration and frequency of observations did not vary between years at either reservoir. In the case of the Caspian gull, the rate of visitation events was gathered only for islets where that species was absent as a breeder, during observations of corvid visits on the islets. On islets with Caspian gull nests, we assumed its constant presence.
Monitoring the population sizes and nest distribution of native waterbirds and invasive Caspian gulls
We monitored the size of breeding populations of native waterbirds at the reservoir invaded by Caspian gull between 1996 and 2001. As in the case of predators (above) we used the number of nests as the estimate of population size. The monitoring of some species was halted after 2001 at this reservoir because it was flooded and 80 % of the islets disappeared. The monitoring of waterbird population sizes at the control reservoir was conducted between 1997 and 2003, excluding 2002, when no nest counts were conducted apart from the black-headed gull nests.
We counted the nests of the native waterbirds breeding at reservoirs, namely ducks (mallard Anas platyrhynchos, common pochard Aythya ferina and tufted duck Aythya fuligula), grebes (little grebe Tachybaptus rufficolis and black-necked grebe Podiceps nigricollis), rails (Eurasian coot Fulica atra and common moorhen Gallinula chloropus), common gull Larus canus and black-headed gull Larus ridibundus between the beginning of April and the middle of June each year.
The population size of the invasive Caspian gull was monitored by the same methods and was the subject of a more detailed population study (Skórka et al. 2005 . We collected data on the number of breeding Caspian gulls since 1992 (when the species first colonized the reservoir). All nests of waterbirds and invasive Caspian gulls were plotted on detailed maps. We measured size (m 2 ), distance to shore (m) and vegetation height (cm) of islets at both the invaded and control reservoirs. The distance to the shoreline did not correlate with either the islet size (bootstrapped correlation coefficient, r = 0.120, P = 0.271, n = 86) or the vegetation height (r = -0.059, P = 0.589, n = 86), nor did the latter two variables correlate with each other (r = 0.152, P = 0.162, n = 86) at the invaded reservoir. The distance to the shoreline did not correlate with either the islet size (r = 0.229, P = 0.155, n = 40) or the vegetation height (r = 0.182, P = 0.261, n = 40), nor did the latter two variables correlate with each other (r = 0.099, P = 0.543, n = 40) at the control reservoir.
Determining nesting success
We conducted regular checks of selected nests of native waterbirds and Caspian gulls at intervals of around 5 days (except in 1999-2001 that were done every 3 days) to establish nest histories and nesting success probability (in other words, whether the chicks hatched or if the nest was depredated). During the surveys, we counted eggs and marked each with an individual code with permanent nontoxic marker. We noted all the cases where the eggs had been depredated or had disappeared and recorded the hatching of chicks. If at least one chick hatched we considered the nest to have had a nesting success.
The only nest failures other than predation were caused by nest abandonment and when eggs rolled out of the nests because of territorial disputes. Almost all instances occurred in the black-headed gull ) and only two cases were noted in mallard and common gull but they were not included in the analysis. Flooding was never observed at either of the studied reservoirs during the nesting period.
Data analysis and statistics
A generalized linear mixed model (GLMM) with logit link function, implemented in the SPSSv20 (IBM Corp Released 2011) software, was used to test how the islet features, namely distance to the shoreline, size and vegetation height, and the presence of Caspian gulls affected magpie visitation events at the invaded and control reservoirs. The presence of Caspian gulls was not tested at the control reservoir, as this species was not recorded there. Magpie visitations were coded as a binary response variable, with 0 indicating no observation of magpie on a given islet and 1 indicating that magpies were observed at a given island between 1996 and 2001 at the invaded reservoirs and between 1997 and 2003 at the control reservoirs. In the case of Caspian gull, the islets were classified in three categories, with 0 for no visit observed, 1 for at least one visit noted and 2 for an islet with one or more breeding pairs of Caspian gull. The year and identity of the islet were used as random factors in the analysis.
To test if the number of nests of breeding waterbirds was negatively correlated with the number of Caspian gulls and magpies we used a bootstrapped coefficient of correlation; 1,000 bootstraps, performed in RundomPro 3.14 (Jadwiszczak 2009). This method is recommended when sample sizes are small and the data distributions unknown (Flachaire 1999) . We also used this correlation analysis to detect temporal changes (positive or negative) in the number of native waterbirds, corvids and invasive Caspian gull and to test correlations between environmental variables. In addition, we calculated the mean rate of population growth for each species or species group at the invaded and control reservoirs. The population growth rate R was calculated as R = N t?1 /N t , where N is number of breeding pairs in year t and in next year t ? 1. The mean rate of population growth for each species or species group was compared with bootstrapped t tests (implemented in RundomPro 3.14 software) between the invaded and control reservoirs.
To test if the spatial distribution of the nests of all the native waterbirds changed and number of nests on islets near the shore increased we used the bootstrapped correlation analysis (see above). We classified all islets in both reservoirs into (1) those located near the shore and (2) those located in the central part of the reservoirs and classified nests accordingly. Islets located near the shore were defined as those up to 50 m from the shoreline. This division was made on the frequency of magpie visits. At the invaded reservoir, 85 of 129 (66 %) visits were within 50 m from the shoreline. At the control reservoir, 35 of 67 (55 %) visits were within 50 m from the shoreline. In total, 47 of 86 (55 %) islets at the invaded reservoir and 20 out of 40 (50 %) islets at the control reservoir were classified as close to the shore and the proportion of these islets did not differ between the two reservoirs (v 2 = 0.237, df = 1, P = 0.626).
To assess whether the nesting success of native waterbirds was dependent on magpie and Caspian gull visits to the islets, we applied GLMM with logit link function considering nest survival as binary response variable (1: nest survived and eggs hatched; 0: nest predated) and magpie and Caspian gull visits to islets, islet size, islet distance from the shore and islet vegetation height as explanatory variables. Separate models were built for each species or species group of native waterbirds. Magpie visits were considered as a categorical explanatory variable; islets where magpies were observed at least once were coded as 1 and islets where magpies were not noted were coded as 0. In the case of Caspian gull, the islets were classified in three categories as described for the first GLMM (see above). The year of the study and the identity of the islet were assigned as random factors. In the case of ducks, grebes and rails, species constituted another random variable, since the low number of pairs of particular species within these groups precluded a complex, species-level analysis. Data on carrion crow visitation were excluded because of the small sample size; we analyzed pooled data on visitation rates by both magpie and carrion crow, but the results were very similar to those obtained in the analysis based solely on the magpie data.
At the control reservoir, we calculated temporal trends in the number of pairs for each particular species or group, as well as for the entire waterbird community. To compare the factors affecting nesting success probability at this reservoir, we also built a GLMM as described above for the entire community and for the black-headed gull. This was because the number of breeding pairs in most species was much lower than for the reservoir colonized by Caspian gull and, with the exception of black-headed gulls, did not allow a reasonable, specieslevel, statistical analysis to be made. Caspian gull visitations on the islets were not included in this model, as we never observed this species at this reservoir. The GLMM with logit link was also used to compare nesting success of different species and species groups breeding on islets located close to the shore (within 50 m from the shoreline) and on islets in central part of the invaded reservoir.
Finally, we built a GLMM with logit link function to compare the overall nesting success probability between the invaded and control reservoir. The dependent variable was nesting success expressed as in former GLMMs and the explanatory variable was reservoir type (invaded and control). In this model we included species, year and islet identity as random effects. Because islet identity was specific to reservoir type, and because the study was carried out, to some extent, in different years at two reservoirs, the islet identity and year were nested in reservoir type. This analysis was also repeated excluding nests located at the shore, to see if general differences in nesting success probability between two reservoirs were affected by nests located near shore.
All estimates of function slopes (betas) and means are given with standard errors and the significance level was set at a = 0.05
Results
Native predator community
The magpie was the most common native predator breeding on the shore of the reservoir invaded by Caspian gulls (Fig. 2) . One pair of carrion crow Corvus corone corinx also nested on the shore of the reservoir and one or two fox dens were present there each year.
Magpies visited islets near the shores much more frequently than islets in the central part of the invaded reservoir (Fig. 2) . The probability of magpies being noted on islets was negatively related to the distance of the islets from the shoreline (b = -0.108 ± 0.024; GLMM F 1,110.5 = 12.948; P \ 0.001; n = 129 magpie visits observed on 42 islets during the years 1996-2001) but was not linked with either islet size (b = 0.027 ± 0.019; GLMM F 1,121 = 2.557; P = 0.112) or vegetation height (b = -0.008 ± 0.006; GLMM F 1,120 = 1.420; P = 0.236). A similar pattern was found for the carrion crow. However, the sample size in this case was much lower; we observed 18 visits and 15 were to islets located within a 50 m distance of the shoreline (all of these islets but one were also visited by magpies).
Twenty cases of egg predation by magpies were directly observed at the invaded reservoir; 16 on unattended blackheaded gull nests, two on common moorhen nests and two on mallard nests. Two cases of egg predation by carrion crow were also directly observed; one on a black-headed gull nest and one on a tufted duck nest. All but two were observed on islets within 50 m of the shoreline. All nests built directly on the shores, namely 43 black-headed gull nests, two mallard nests and one common moorhen nest, were depredated by magpie and red fox. We observed two cases of Caspian gull predation on black-headed gull eggs and 14 predation events on black-headed gull chicks. These were predominantly performed by a few pairs from one islet and it is probable that they specialized in this particular manner of food finding.
In the control reservoir the only native predator was the magpie (Fig. 2) . Similar to the invaded reservoir, the probability of magpies being observed at a given islet was negatively related to its distance from the shore (b = -0.148 ± 0.102; GLMM F 1,83 = 5.717; P = 0.019; n = 67 magpie visits to 16 islets in the years 1997-2001 and in 2003), but was not linked with either islet size (b = 0.101 ± 0.75; GLMM F 1,80 = 2.333; P = 0.130) or vegetation height (b = -0.411 ± 0.380; GLMM F 1,80.1 = 2.091; P = 0.152). We observed 31 unsuccessful attempts by magpies to steal black-headed gull eggs from islets located relatively close to the shore of the control reservoir.
The waterbird community and its response to the invasion by Caspian gull
The numbers of grebes, ducks, rails and common gulls were relatively constant at the invaded reservoir during the study period (Fig. 3) and only the number of breeding black-headed gulls decreased with time [ Fig. 3 ; ESM). The population sizes of almost all the native waterbirds (with the exception of black-headed gulls) were not statistically correlated with the number of Caspian gulls (Table 1) .
In contrast to the population result, the spatial distribution of the nests of all the native waterbirds changed significantly. In all the waterbirds, the number of nests built on islets near the shore, defined as those up to 50 m from the shoreline, increased significantly with the rising number of Caspian gull, as follows: grebes r = 0.951, P = 0.004; ducks r = 0.934, P = 0.006; rails r = 0.943, P = 0.005; common gull r = 0.935, P = 0.006; and black-headed gull r = 0.855, P = 0.030 ( Fig. 3; ESM) .
At the control reservoir, the number of breeding native waterbirds was stable, apart from the black-headed gull and grebes, which increased in number (Table 1 ) over the years encompassed by the study, in contrast to the reservoir invaded by Caspian gull. The number of nests located on islets near the shore of the control reservoir was stable over the same period for both ducks (r = 0.777, P = 0.123), rails (r = 0.828, P = 0.069), common gull (r = 0.586, P = 0.250), black-headed gull (r = 0.437, P = 0.384) and when all species were pooled in the analysis (r = 0.426, P = 0.427; Fig. 3; ESM) . No grebe nests were built near or at the shore at this reservoir.
We found no statistically significant differences in the population growth rates of any of the studied species or species groups between the invaded and control reservoirs (Table 2) . Overall, the entire bird communities at both reservoirs had growth rates close to one, indicating stable populations.
Determinants of the nesting success
The probability of nesting success at the invaded reservoir was negatively related to the presence of magpies on islets for ducks and rails (Table 3) gull, black-headed gull or Caspian gull (Tables 3, 4) . Moreover, it was positively related to the distance from the shore for ducks, rails and black-headed gull (Tables 3, 4 ; Fig. 4 ), but not for grebes, common gull or Caspian gull (Fig. 4) . For the black-headed gull, nesting success was also positively related to islet size and vegetation height (Table 4) . For all species, neither the presence of breeding Caspian gulls nor their visits to islets had any statistically significant effects on nesting success probability (Tables 3, 4) . At the control reservoir, none of the variables investigated had a statistically significant effect on nesting success Overall, the nesting success probability was slightly lower at the invaded reservoir [0.58; 95 % CI (0.42, 0.72)] than at the control one [0.69; 95 % CI (0.53, 0.82), GLMM F 1,345 = 4.365, P = 0.037, n = 347 nests]. This difference was also significant when only nests of black-headed gull were analyzed (GLMM F 1,144 = 4.169, P = 0.043, n = 146 nests) with success probability of 0.55 [95 % CI (0.46, 0.65)] and 0.74 [95 % CI (0.57, 0.86) ] at the invaded and control reservoirs, respectively. However, when we removed nests located close to shore from these analyses, it was apparent that the general nesting success of waterbirds at the invaded reservoir [0.75; 95 % CI (0.66, 0.82 
Discussion
Our results indicate that interactions between native predators and prey may by altered by the invasion of alien species. As predicted, native opportunistic corvids visited mostly islets located close to shore (Table 5 ). According to expectations, when the population of invasive Caspian gulls grew the native waterbirds were outcompeted from their preferred breeding islets by this species and forced to breed on suboptimal islets close to shore (Table 5 ). This resulted in increased egg predation by native predators that visited islets near shore. We may call this a top-down-top effect as the potential invasive predator affected species from lower trophic levels via facilitation of native predators. Contrary to expectations (Table 5) , the effect of Caspian gulls on spatial changes in the nest distribution of native waterbirds did not correspond with their population sizes as these were stable in most of species. Thus, the invasion of Caspian gulls has cascading, multilevel effects on the native species and structure of their assemblages. As far as we know, these are the first such effects to be found in a multi-predator community that included an invasive predator, with shifts in the distribution of native waterbirds n/a n/a n/a Slope (SE) bold  Table 4 Factors affecting the probability of the nesting success in black-headed gull Larus ridibundus, common gull Larus canus and Caspian gull Larus cachinnans at the invaded reservoir Variable Black-headed gull (n = 108 nests)
Common gull (n = 53 nests)
Caspian gull (n = 420 nests) Slope (SE) occurring on such a small scale and without substantial changes in population sizes at the community level. Predation and competition are major processes shaping species communities (Cresswell 2010) . The Caspian gull is much larger than the native waterbirds and may predate on their broods and outcompete native species from breeding islets. However, contrary to our expectations, the number of breeding pairs of most native species was stable during the population increase of Caspian gull at the habitat patch scale. This is an important result, indicating that the detrimental impact of this invasive species may be invisible or that there may possibly be a time lag between the invasive gull's colonization of the habitat patch and any corresponding decrease in the population size of native species. This may partially explain the reported lack of effect of large gulls on other waterbirds (Oro and Martinez-Abrain 2007) . It also suggests that the expansion of large gulls creates an invasion debt caused by the spatial shift in the distribution of native waterbird nests, with a decrease in population size for most of them probably occurring several years after the invasion event.
It is generally believed that the activity of native predators may limit the effect of invaders (Cresswell 2010) . Juliano et al. (2010) showed that native predators reduced the population of invasive species and enabled native prey to survive. In the absence of native predators, the invasive competitor, being much stronger than the native prey, excluded the latter from the habitat. Invasion success is however, dependent on the body size of the invader in comparison to the native predators (Schröder et al. 2009 ). The Caspian gull is much larger than the native predators and the latter were less likely to affect the invader population. Thus, consistent with our hypothesis, the invasive gulls displaced native waterbirds to lower quality islets near the shore, with a high probability of nest predation by native predators. Why did the native waterbirds not disperse and seek suitable nesting sites on other reservoirs? It has been well documented that, following the occupation of sub-optimal habitats, competition for nesting habitat may increase dispersal (Cairns 1992; Blokpoel et al. 1997; Anderson and Devlin 1999) . However, dispersal and the search for new suitable breeding sites carries costs. These costs may be energy-related (Riegert et al. 2007 ), linked to the uncertainty of finding suitable patches (Danchin and Cam 2002; Heinz and Strand 2006) and the inability to predict breeding success in new habitat patches (Doligez et al. 1999) . Moreover, many waterbirds are characterized by a high natal breeding site-tenacity (Stenhouse and Robertson 2005; Ibarguchi et al. 2011 ). However, with regard to our study, an unknown factor is whether the lower nesting success on the islets of the reservoir invaded by the Caspian gull is lower or higher than at other reservoirs in the region. If it was higher, then this could be an explanation as to why the population sizes of most breeding waterbirds were stable over the years encompassed by the study. In our study system, the overall breeding success was lower at the invaded reservoir than in the control one and this was attributable to higher predation on nests built on islets near the shore. This may also explain the population increase of the black-headed gull at the control reservoir where breeding pairs could have moved from the invaded reservoir. Moreover, native waterbirds may be attracted to gull colonies quite simply by the lower probability of nest predation when numerous neighbours are present at the breeding ground (Kruuk 1964; Fuchs 1977; Becker 1995) . This may explain, for example, the slight increase in the number of breeding ducks and grebes when the Caspian gull colony developed, as these species are known for the positive association with gull colonies (see below). This also suggests that colonies of Caspian gulls may act as a local sinks for populations of native waterbirds that once attracted to gull colonies may be forced to breed in suboptimal habitats. The long-term consequences of Caspian gull colonies on the reproductive success and persistence of native waterbird populations requires further study. During the development of the invasive gull population, the role of native predators in nest predation increased. Magpies were a major predator of eggs and benefited from the gull invasion but their behaviour was relatively similar between the invaded and control reservoirs. Magpies are poor fliers, so when flying and approaching islets they are easily detectable and chased away by colonial waterbirds. This may explain why visits of this species to islets located in central parts of two reservoirs were rare. However, when nests of waterbirds are located close to shore, magpies may enter islets relatively inconspicuously and take eggs.
Interestingly, not all waterbird species were equally affected by the population growth of the Caspian gull and subsequent corvid predation. The common gulls and grebes maintained their nesting success independent of the islet's size, its distance from the shore, vegetation height and predator visitation. The common gull is a very aggressive species that chases away all corvids and larger gulls entering its nesting territory. Even a single pair is very successful in seeing off a flock of several magpies or jackdaws Corvus mondedula (P. Skórka, unpublished data). Grebes, on the other hand, cover their eggs with vegetation, making them less conspicuous. The little grebes and blacknecked grebes built their nests in dense vegetation on the islets and probably benefited from the protection afforded by the presence of the gull colony (Burger 1984b) .
It is very interesting that the Caspian gull did not intensively depredate the broods of the native waterbirds. This contrasts with the data from other related, large gulls, especially the closely related yellow-legged gull Larus (cachinnans) michahellis. In the Mediterranean, this species is an important predator on the eggs and chicks of many seabirds, some of them endangered (Vidal et al. 1998; Rusticali et al. 1999; Hernandez-Matias and Ruiz 2003; Oro et al. 2005) . It is also a very strong rival and competes successfully with other, smaller seabirds for breeding sites (Oro et al. 2009 ), which is in agreement with our results. At the reservoir under study, numerous fish were found at nests of Caspian gulls, indicating that this was a major food for them. Skórka and Wójcik (2008) clearly showed that this species foraged mostly on fish farms and hunted for fish, while the proximity of fish farms is one of the major factors affecting its successful colonization of inland reservoirs (Lenda et al. 2010 ). Therefore, it is possible that the availability of alternative food resources in the form of the fish, bred in Poland's numerous fish farms, may be a factor that limits the direct predatory impact of this invasive gull on native waterbirds. We may not also exclude possibility that Caspian gull predation is stronger on chicks, a phenomenon which was not considered in this study. Some species (for example, grebes, rails and ducks) conceal their nests in high vegetation which may prevent gull predation during egg incubation. However, once hatched, chicks of most waterbirds leave their nests, are mobile and, thus, possibly more exposed to predatory activity of gulls. In our study, however, it was hard to study predation on chicks as they changed location and often hided in dense vegetation that made discrimination between predation and detection failure unfeasible.
Our data on the effects of Caspian gull and native corvids on native waterbirds have some limitations that should be taken into account when generalizing to other areas and species. We had only one invaded and one control reservoir. Having replicates within the reservoir types would be desirable. However, a sampling design of that nature was unattainable for objective reasons, since, despite efforts in the field, it proved impossible to find other reservoirs suitable for our study. In most cases, invasion of a species is an unpredictable process and in the late 1990s the invasion of Caspian gulls had just started. The colony in Tarnów was one of the largest at that time and one of the few in Poland (Skórka et al. 2005; Lenda et al. 2010) . Other colonies were also much smaller (Lenda et al. 2010) . Therefore, instead, we decided to control for habitat patch structure and nest site availability by choosing reservoirs located close together and in similar landscape. Such an approach made it possible to focus on the main objective of the study, which was a comparison of activity of native corvids, temporal trends in population, nest distribution and nest success of waterbirds between invaded and control reservoirs. The effects we observed in our study are likely to occur in most of wetlands invaded by Caspian gulls in Central Europe because this species invades waterbodies that are inhabited by an already large number of native waterbird species breeding on islets (M. Lenda, unpublished data). Many waterbodies have several islets distributed in different parts and if invaded by Caspian gull, spatial shifts in distribution of nests of native waterbirds are very probable. Wetlands are also important habitat for carrion crow and magpies. Because our analyses encompass several native waterbird species we believe that our results may provide important insight into understanding the interactions between native predators, invasive predators, and potential native prey.
Concluding remarks
The invasion of Caspian gulls has cascading, multilevel effects on native species populations and the structure of their communities. However, population sizes of all native species but one remained unchanged, suggesting that the effect of invasive species may not be reflected in changes in population sizes of native species. The effects of invasion become much more pronounced when spatial context of nest distribution of native species within a habitat patch and their reproductive output are taken into account. Some native species had low nest survival that was driven by increased predation by native predators. This increased predation was in turn caused by competitive exclusion of native species by Caspian gulls to suboptimal habitats exposed to predation. Therefore, an invasive predator facilitated native predators. Our results imply that the expansion of invasive species can alter the complexity of interactions in waterbird communities. Predicting these changes and their population consequences is of vital importance to more fully understanding the impacts of invasive predators.
